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Degradation of cytoskeletal proteins in cerebral ischemia 
NOBUYOSHI OGATA 
Department of Neurosurgery, Faculty of Medicine, Kyoto University 
(Director: Prof. Dr. HARUH!KO KIKUCHI) 
Abstract 
Degradation of neurofilament (NF) triplet proteins (Mw 200, 000 (NF200), Mw 150, 000 
(NF150), Mw 68, 000 (NF68)), high molecular weight microtubule-associated proteins (MAPl 
and MAP2) and other cytoskeletal proteins in rat brain during ischemia was investigatd by 
sodium dodecyl sulfate (SDS)-gel electrophoresis and immunoblot methods using anti-NF200 
monoclonal antibody. Selective degradation of NF200 and NF150 was observed during the 
initial 10 to 15 minutes of ischemia: and the degradation of MAPl and ;¥;IAP2 during the 
initial 15 to 30 minutes of ischemia. These degradations suggest that the activ引 ionof a 
protease occurs at the very early stage of cerebral ischemia, which are the earliest irreversible 
neuronal changes ever to be reported. Effect of ischemia on polymerization of microtubule 
proteins was also investigated by turbidity assay. A rapid decrease of the ability of polymerizing 
microtubules was observed during the initial 5 minutes of ischemia. This loss of polymerization 
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冷した 30mlの bufferA ¥1 mM EDTA (ethylen-
diamine tetraacetic acid), 1 mM NEM (N-ethyl-
maleimide), 1 mM PMSF (phenylmethylsulfonyl・
fluoride), 30 mM KC!, 50 mM MES (1-N -morphol-
inoethane sulfonic acid), 0. 85 M sucrose, pH 6.5）を
加えて， Teflonglass homogenizer lζて8回homoge・
nizeした.homogenateは 15,OOOG Iこて30分間遠心
した．表層lζ浮かぶ薄膜を spoonで集め， 15mlの
buffer B (1 mM EDTA, 1 mM NEM, 1 mM PMSF, 
30 mM KCJ, 50 mM MES, ph 6. 5) Iとて homogenize
した．乙の浮遊液を magneticstirrer lζて90分間強く
かくはんした． 乙れに 15ml の bufferC (1 mM 
EDTA, 1 mM NEM, 1 mM PMSF, 30 mM KC!, 
50 mM MES, 1. 7 M sucrose, pH 6. 5）を加え，さら
に20,OOOG Iζて30分間遠心した.pelletを再び0.4ml
の bufferB Kて homogenizeし， SOSsample buf-
fer lζ溶解して sampleを作成した．
(4) NF画分の調製法 2a》
全脳を細切し氷冷した bufferD (130 mM NaCl, 
4mM KC!, lmM MgCJ,, 2mM EGTA, 5mM 2・ 
mercaptoethanol, 5 mM Tris-HCI, 1 M sucrose, 1% 
Triton X-100, pH 7. 4）を加えて， homogenizeし，
100, OOOGで60分間遠心した．得られた TritonIC不






し，蒸留水と buffer E (100 mM MES, 0. 5 mM 
MgC'2, 1 mM EGTA (pH 6. 8））にて洗浄後，脳 lgm
lζ対して 0.7mlの bufferF (100 mM MES, 0. 5 mM 
MgC'2, 1 mM EG'l‘A, 1 mM GTP, 0. 5 mM PMSF, 
0. 01% leupeptin (pH 6. 8））を加え， Teflon glass 




し， 100,OOOG, 45分， 30。Cで遠心して，再構成された微
小管を沈殿として回収した．沈殿した微小管は buffer
E を加えて， Teflon glass homogenizer にて4回
homogenizeした． との操作で微小管は低温にさらさ
れる ζとにより脱重合するが，乙の微小管蛋白質液を












を転写した nitrocellulose膜は blockingsolution (1096 
の馬血清を含む 50mM Tris-buffer solution (TBS) 
pH 7.2）にて15分間 blockした．そして，抗 NF200
monoclonal抗体にて一晩 incubateした．膜は TBS
I乙て再び洗浄し，二次抗体（peroxidase-conjugated











Fig. 1. Degradation of neurofilament (NF) 200 and NF150 in rat brain after 6 hours 
of complete ischemia caused by decapitation (lanes B and E) and in rat brain 
subjected to 30 minutes of ischemia and 24 hours of reperfusion (lanes C and 
F). Amidoblack staining (lanes A, B, C) and immunoblot staining with anti-
NF200 antibody (lanes D, E, F) of the NF fraction prepared according to Method 
1 (see text). Lanes A and D: control rat brain. Bands 1 and 3: NF200; band 





















trol (lane D の band3）では出現するが6時間虚血
(lane E), 30分間の一時虚血 (laneF）では完全に消失
した． NF150も同様な変化を示した． control (lane 
A）で見られる NF150(band 2）は6時間の完全虚血
(lane B）および30分間の一時虚血 (laneC)で消失し






Fig. 2は NF200および NF150の分解が虚血後15
分以内におζることをしめしている. amidoblack IC 
よる蛋白質染色で NF200(band 1）と NF150(band 






Fig. 2. The time course of neuro品lament(NF) 200 and NF150 degradation in rat 
brains with complete ischemia during the initial 5 to 30 minutes. Amidoblack 
staining (lanes A,B,C,D,E) and immunoblot staining (lanes F,G,H,I,J) of 
the NF fract10n prepared according to Method 1 (see text）・ LanesA and F: 
control rat brain: lanes B and (;: brain after 5 minutes of ischemia: lanes C 
and H: brain after 10 minutes of ischemia: lanes D and I: brain after 15 
minutes of ischemia: lanes E and J: brain after 30 minutes of ischemia. Bands 
1 and 3: NF200: band 2: NF 150: For further description see text. 
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Fig. 3. Degradation of cytoskeletal proteins observed in total brain homogenate and in 
Tri torトinsolublepellet in rat brains after 20 minutes of ischemia induced by 
the decapitation method. Preparation of neuro自lament(NF）ーfractionwas by 
Method 2 (see text). Gel was stained by Coomasie brillant blue. Lane A: 
molecular weight standard: lanes B and D: total brain homogenate: lanes C 
and E: Triton-insoluble pellet prepared according to Method 2; lanes B and C 
control rat brain; lanes D and E: brain with 20 minutes of ischemia after 
decapitation. Bands 1 and 2: fodrins; band 3: 210 to 220 kDa protein; band 
4: NF200; band 5: 195 to 200 kDa protein; band 6: NF150; band 7: 145 to 
150 kDa protein; band 8: NF68; band 9: tubulin; band 10: actin. For further 














認められず， TritonX-100不溶性 pellet画分 (lane
E）においてもかなりの染色性の低下を認めた． 乙の
NF200と NF150の消失に伴ってそれぞれの band
の直下に minorband （分子呈 195,000200,000(band 
5），分子量145,000 150, OOO(band 7））の出現を認めた．
NF68(band 8), tubulin(band 9), actin(band 10）の分
解は20分虚血においては認めなかった． fodrin (band 
1, 2）の染色性はあまり変化しなかったが， 20分虚血に
おいて分子量 210,000220,000の minorband(band 
3）の出現を認め，一部が分解されている可能性は否定






分子量 markerの比較により容易に majorproteins 
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Fig. 4. Degradation of MAPl and MAP2 in the Partially-Purified Microtubule Proteins 
during lschemia. Lane A: molecular weight protein standard: lane B: control 
rat brain; lane C: brain after 5 minutes of ischemia; lane D: brain after 10 
minutes of ischemia; lane E: brain after 15 minutes of ischemia; lane F: brain 
after 20 minutes of ischemia; lane G: brain after 25 minutes of ischemia; lane H: 
brain after 30 minutes of ischemia; lane I: brain after 60 minutes of ischemia. 
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Fig. 5. Decrease of the Ability of Polymerizing Microtubules in the Crude Brain 
Extract during lschemia. Assembly Index was calculated from the changes of 
absorbance at 350 nm through the p己lymerizationof mic附 ubulesin the sa";,ples 
from the crude brain extracts. Vertical bars indicate standard errors of the 
mean. Three preparations were used for each ischemic time. For further 
description see text. 
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